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NE!T OBSE,WATIONS OF T 3 3  RED LINE OF "YE SKY AT NIGHT I N  AFRICA 

/, by Daniel  Barb ier  \ 6 I n s t i t u t e  of Astrophysics)  '\ 
! Summary: Observations of t h e  red l i n e  of t h e  n ight  a i rg low have been 

simultaneously made i n  Tamanrasset ( A l p r i a )  and Agadez ( B p u b l i c  of 
Niger) from October 18th  t o  November 3d, 1962. The a l t i t u d e  of t h e  
i n t e r t r o p i c a l  a ro ,  deduced from t r a n g u l a t i o n s ,  remained between 235 
and 280 lan. The s t r u c t u r e  of t h e  a r c  has  been inves t iga t ed ,  t o g e t h e r  
w i th  i t s  movement dur ing  t h e  night .  "he o o r r e l a t i o n  between t h e  air-  
glow phenomena and t h e  s t r u o t u r e  of the atmospheric F l a y e r  has  been 
more thoroughly considered than  before. 

i 

\ The r e o m b i n a t i o n  c o d  f i o i e n t  
i s  very  small i n  t h e  F l a y e r :  t h e  s t r u c t u r e  of t h i s  layer i s  oon t ro l l ed  \ 

by t h e  plasma movements. 

I I N T  llODUC TION 

I n  a s e r i e s  of papers, it has been demonstrated t h a t  t h e  behavior of the 

red l ine of oxygen a t  t h e  S t a t i o n  of Tamanrasset i s  very d i f f e r e n t  from t h e  

c lass ical  one as observed i n  t h e  middle l a t i t u d e s  /r/; t h a t ,  a t  t h i s  s t a t i o n ,  

i n  t h e  win te r  a t  least, an  a r c  t r a v e r s e s  t he  sky, v e r t i c a l l y  t o  t h e  meridian,  

- 

and that it is accompanied also by an emission of the  line 5,577 f l /; that this 

a r c  i s  a s soc ia t ed  w i t h  another  a r c  that  i s  loca ted  symmetricqlly i n  r e spec t  t o  

- 

t h e  t r u e  magnetic equator /r/ .  
suggested ea r l i e r  /r/ made it poss ib l e  t o  e s t a b l i s h ,  i n  a h ighly  s a t i s f a c t o r y  

It has  been shown, f i n a l l y ,  /T/, that a formula - - 
- 

manner, a connection between t h e  i n t e n s i t y  of t h e  r e d  l i n e  and t h e  parameters 

,F and h t F  or' t he  ionosphere l aye r  F. 

Observations made a t  o ther  s t a t i o n s  loca ted  a t  low l a t i t u d e s  c o n t r i b u t e  t o  

t h e  support  of these f i n d i n g s  /ki f ,  E/, /'77. - - 
The two a r c s  formed by t he  l i n e  6,300, and a c c e s s o r i l y  by t h e  l i n e  5,577, 

have been designated as  t h e  " i n t e r t r o p i c a l  arcs.* The p r o p e r t i e s  of t h e  Northern 

a r c  have a l r eady  been discussed r a t h e r  th roroughly  on t h e  basis of t h e  observa- 

t i o n s  made a t  Tamanrasset i n  January 1360 /Z/ and i n  November of t h a t  yea r  /r / ;  
more p a r t i c u l a r l y ,  i n d i c a t i o n s  were obtained regarding the  movements of the a r o  

- - 

and i t s  a l t i t u d e ;  we s h a l l  come back t o  these s u b j e c t s  when we s h a l l  d i s c u s s  ob- 

s e r v a t i o n s  t h a t  have been made r ecen t ly .  
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This  new p r o j e c t  e n t a i l e d  t h e  i n s t a l l a t i o n ,  during t h e  per iod of t h e  new 

moon or' t h e  end of October and t h e  beginning of November lu62, of two s t a t i o n s  

f o r  observat ion,  one a t  Tamanrasset ( A l g e r i a ) ,  l s t i t u d e  2Z047'N, longi tude  

5'32'E, a l t i t u d e  1400 m , and another  a t  -4gadez (Republ ic  of Niger ia ) ,  l a t i t u d e  

16O58'N, longi tude  7059'E, a l t i t u d e  500 m. 

equipped wi th  a rotary photometer covering the  sky a% a d i s t a n c e  of 75' from the 

Raoh one of t h e s e  s t a t i o n s  was  

z e n i t h  through two p a i r s  of f i l t e r s  ( i n  each  p a i r ,  one narrow f i l t e r  and one 

wide f i l t e r ) ,  one of whiuh isoLated t h e  l i n e  of 6,300 51, whi le  t h e  o t h e r  one 

i s o l a t e d  t h e  l i n e  of 5,577 2 ('). 

Another photometer had been i n s t a l l e d  on t h e  Hurel-Dubois a i r p l a n e  of t h e  

National Geographic I n s t i t u t e ,  which had t aken  ca re  of t h e  t r a n s p o r t  of the 

equipment, both ways, t o  t h e  two ground s t a t i o n s .  Unfortunately,  it was n o t  

poss ib l e  t o  ob ta in  useful observat ions by means of t h a t  instrument .  

On t h e  basis of observat ions being made permanently a t  t h e  Observatory of 

Haute-Provence, it had been found t h a t ,  i n  November 1960, t h e  emission of t h e  

r ed  l i n e  a t  that s t a t i o n  was s t i l l  l a r g e l y  comparable t o  what it w a s  a t  t h e  time 

Of maximum s o l a r  aot ivi ty ,  and t n a t  t h a t  emission had then  decreased very r a p i d l y  

and was not any longer  far removed from what had been observed during t h e  pre-  

ceding period of minimum a a t i v i t y ,  even though it was s t i l l  s l i g h t l y  l a rge r .  

Under t h e s e  condi t ions ,  we bel ieved t h a t  it might be use fu l  t o  examine t h e  con- 

sequences of t h i s  weakening of t h e  s o l a r  a c t i v i t y  i n  t h e  i n t e r t r o p i c a l  a r c  a t  

Tamanrasset. The inc lus ion  of t h e  s t a t i o n  of Agadez was j u s t i f i e d  by our wish 

t o  perform t r i a n g u l a t i o n s  on t h e  a rc ,  and as a matter of fact ,  it turned  out t o  

be of g r e a t  importanae, s i n c e  it was found t n a t  t h e  a r o ,  even though it  was very 

(I) The observa t ions  p e r t a i n i n g  t o  t h e  l i n e  5,577 c o n s t i t u t e  t h e  t o p i c  of a 

s e p a r a t e  paper by Mrs. Christophe-Glaume. 
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I c l a m  t o  Tamanrasset a t  t h e  beginning of t h e  n igh t ,  d i d  no t  remain t h e r e  

throughout t h e  n i g h t  as  it d i d  i n  1960, but t ha t  it moved r a t h e r  r ap id ly  

toward t h e  South and could t h e n  no longer  be observed from Tamanrasset but 

s o l e l y  from Agadez. 

The ionospheric  depth-f inder  or’ t h e  Univers i ty  of A l g i e r s  which i s  loca ted  

a t  Tamanrasset, was opera t ing  throughout t h e  du ra t ion  of our  mission i n  excel-  

l e n t  condi t ions  and t h e  ionogrzuns were analyzed by t h e  Ionospheric  Research 

Team or’ t h e  National Centre ox’ Telecommunication bsearch (France).  A t  t h e  

oocasion of t h i s  work, the Team organized a l s o  a p rov i s iona l  sounding s t a t i o n  

a t  Agadez. Unfortunately,  t h e  porta-ble depth- f inder  used produced t r a c i n g s  that 

were t o o  weak f o r  t h e  high f requencies  involved s o  t h a t  on ly  t h e  equiva len t  

he ight  of the  layer F oould b e  measured. 

110 ALTITUDE OF THE NORTHERN INTERTROPICAL ARC. 

The photometer used t u r n s  around t h e  horizon a t  t h e  cons tan t  d i s t a n c e  from 

When a n  a r c  t r a v e r s e s  t he  sky, and when i t s  peak i s  loca ted  t h e  zenith of 75’. 

a t  a d i s t a n c e  from t h e  z e n i t h  t h a t  i s  o l e a r l y  less  t h a n  t h i s  l i m i t ,  t h e n  the 

photometer w i l l  meet t h e  t w o  wfeet” of t h e  a r o  i n  t h e  course of  one r o t a t i o n ,  

In  that oase, t h e  record ing  w i l l  present two c l e a r l y  d i s t i n c t  maxima, e.g., i n  

Fig.  l w h i c h  shows va r ious  oycles t h a t  were obtained i n  the course of t h e  n ight  

of 2 3  October 1362, a t  Tamanrasset as w e l l  as a t  Agadez, we f i n d  that  two c l e a r l y  

separa ted  maxima are p resen t  at Tamanrasset u n t i l  21:18 hours  and a t  Agadez from 

19:18 hours. Rhen the arc i s  t o o  Low on t h e  hor izon  f o r  one of these s t a t i o n s ,  

t h e n  t h e  corresponding cyc le  w i l l  be cha rac t e r i zed  by t h e  presence of one maximum 

only;  that  i s  t h e  case a t  Tamanrasset from 21:lS hours  on, a t  a t  Agadez a t  13:14 

hours .  

?Than t h e  a r c  e n t a i l s  t he  ex is tence  of two p o i n t s  on t h e  record ing ,  t h e n  t h e  

azimuth d i f f e r e n c e  between these two po in t s  as counted from 0 t o  360’ by going 

through t h e  North, w i l l  be c a l l e d  the  opening of t h e  a r c  and it w i l l  be des igna ted  
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Fig. 1, Severa l  cycles as observed a t  a zen i th  d i s t a n c e  of 75O, a t  Tamanrasset 
and a t  Agadez, dur ing  t h e  n i g h t  of 23 October 1962, The hours, TU, of t h e  

observat ions have been ind ica t ed  below each cyale .  

by 2 , m e n  A i s  t h e  d i f f e r e n c e  of t he  l a t i t u d e s  or' t he  two s t a t i o n s  that 

are being used for t h e  t r i angu la t ion ,  t hen  we s h a l l  f i n d  /S/, w i t h  a g e n e r a l l y  

s uf f i c i e n t  appr oxi mat i on, t h a t  : 

- 

A = a(coe PA - COB pT), 

where t h e  i n d i c e s  A and T r e f e r  t o  Agadez and t o  Tamanrasset, r e spec t ive ly ,  and 

where 4 
c i r c l e  as  explored by t h e  photometer a t  t h e  d i s t a n c e  from t h e  zen i th  of 5 (75') 

as g iven  by: 

i s  t h e  angular  r a d i u s  i n  degrees  ( func t ion  of t h e  a l t i t u d e  h )  of t h e  

I t  
sin (< - a) = .- It + ~ i n  < 

The p o s s i b i l i t y  or' t r i a n g u l a t i o n  between two s t a t i o n s  i s  l imi t ed  t o  those  

(R - r a d i u s  of t h e  ea r th ) .  

c a s e s  where t h e  record ings  obtained w i l l  show both of the p o i n t s  i n  good d e f i n i -  

t i o n .  During t h e  l a s t  series of observat ions,  t h e  a r c  moved r a p i d l y  a t  the  be- 

g inn ing  of t h e  n ight  and t r i a n g u l a t i o n  was, as a mather of' f a c t ,  poss ib l e  only 

dur ing  a s h o r t  per iod of t i m e .  The values which were obtained,  have been shown 

i n  Table I. They have been combined w i t h  t h e  va lues  of t h e  a l t i t u d e  h i  of t h e  

base  of t h e  layer F, which are the result of t h e  ionospher ic  soundings taken  a t  

4 



' Tamanrasset and Agadez, as w e l l  as the  v a l u e s  t h a t  had oeen obtained previous ly  

i n  November 1960, by t r i a n g u l a t i o n  between t h e  s t a t i o n  of Tamanrasset and a n  

a i rbo rne  s t a t i o n .  

TABLE I n B 

The va lues  of h$ as measured a t  Agadez and a t  Tamanrasset a r e  gene ra l ly  d i f f e r e n t ;  

But t h e n  t h e  a r c  i s  loca ted  between t h e s e  two s t a t i o n s ;  moreover, the comparison 

of h with hi of Tamanrasset - t h e  only one t h a t  we a r e  a b l e  t o  perform i n  regard 

t o  a cons iderable  number of va lues  - has  an i n d i c a t i v e  va lue  only.  We obtained 

f o r  t h e  average h - h i  (TAM) t h e  va lue  of 4 32 )lane This d i f f e r e n c e  would have t o  

be of t h e  order  of magnitude of t h e  s c a l e  level (hauteur  d f e c h e l l e )  re la t ive t o  

t h e  molecular oxygen, and t h a t  i s  indeed t h e  case, but l e t  us r e p e a t  once more 

t h a t  t h e  scope of t h i s  coiiclusion i s  diminished by t h e  f a c t  t h a t  t h e  ionospher ic  

sounding has  not been taken  a t  t h e  v e r t i c a l  or" t h e  a r c  i t s e l f .  

It seems t h a t  one might even t a k e  recourse  t o  a pure ly  photometric t r8angula-  

t i o n ,  when t n e  a r c ,  a t  a t  least  one of t h e  s t a t i o n s ,  does not produce two d i s t i n c t  

maxima on t h e  recordings.  Let u s  examine t h i s  p o s s i b i l i t y  f o r  t h e  simple case of 

a flat ground (Fig.  2). 
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Fig.  2. P o s s i b i l i t y  oi' a photometric t r i a n g u l a t i o n  
( case  of a plane layer) 

We shall measure , i n  A, t h e  i n t e n s i t y  a t  t he  d i s t a n c e  f rorn t h e  zen i th  

5 , or I 

t h e  d i s t a n c e  of h cotg 

t h a t  would be measured from X t o  t h e  v e r t i c a l  of  t h i s  po in t  would be I 

t h e  point  aimed a t  i s  s t i l l  pro jec ted  [encore?] on t h e  ground a t  
A '  

from A, and the  z e n i t h a l  i n t e n s i t y  / h t e n s i t e ? 7  - 
cos 5 . 

A 

In  t h e  same way, t he  measurement taken from B w i l l  be pro jec ted  on t h e  d i s t a n c e  

(d-h cotg 5 
Graphs of t h e  v a r i a t i o n s  of I cos 

l e g i b l e 7  o f  - cotg 5 f o r  t h e  o ther  one should be oapablo of supe rpos i t i on  

of A and w i l l  correspond t o  t h e  z e n i t h a l  i n t e n s i t y  of I cos . 
B 

as a f u n c t i o n  of co tg  f o r  one /rl- - 
- 

by means of a t r a n s l a t i o n  t h e  value d / h  of which would make it poss ib l e  t o  de- 

termine t h e  a l t i t u d e .  

A t t e m p t s  made i n  t h a t  d i r e c t i o n  have l ed  only t o  extremeiy d isappoin t ing  

r e s u l t s ,  and t h a t  i s  due t o  t h e  f a c t  t h a t  t h e  i n d i c a t i o n s  ox' t h e  two photometers 

w i l l  no t  remain c omplstely i d e n t i c a l  (l) , and a l s o  t o  t h e  v a r i a t i o n s  of t he  

atmospheric t ransparency  which i s  not so  good a t  Agadez as i t  i s  a t  Tamanrasset 

( lower a l t i t u d e ) ,  and whioh even was d i s t i n c t l y  poor on t h e  28 and 29 October, 

due t o  sand winds. 

1 ( ) When l ight gauges are  usea normally, they  w i l l  make it poss ib le  t o  make 
su re  of t h e  p re se rva t ion  of' t h e  absolu te  c a l i b r a t i o n ,  bu t  during t h i s  mission 
we bel ieved t h a t  we should use t h e  l i g h t  gauge, i n  order  t o  make the  recording 
through f o u r  f i l t e r s  poss ib le ,  through one of t h e  f i l t e r s ,  and t h e  gauge, which 
had  been b u i l t  f o r  such a use,  suppl ied only readings  that w e r e  a b i t  t oo  wevk 
t o  provide a t ru ly  e f f e c t i v e  cont ro l  of t h e  c a l i b r a t i o n ;  and t h i s  w a s  e s p e c i a l l y  
so  a t  Agadez, where t h e  temperature was  very high a t  times. 
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IQe have made use of t h e  p o s s i b i l i t y  of combining t n e  observat ions made 

I a t  the  two s t a t i o n s  t o  reduce, every n igh t ,  t h e  observa t ions  of Agadez t o  t h e  

s c a l e  of Tamanrasset by al lowing t h a t  t h e  r ad ius  of' t h e  zones observed a t  

each s t a t i o n  is d = 7O.2, which corresponds t o  a n  a l t i t u d e  of  275 km. 

I 

111. STfi[JCTUIQE AND MOVEMENT OF THE NQR"3RN INTERT@OFICA% AX. 

The a r c  i s  moving, genera l ly ,  toward t h e  South as t h e  n ight  progresses ;  

t h i s  has a l r eady  been s t a t e d  e a r l i e r  /Z/, p/. 
e a r l i e r  t o  a very pecu l i a r  phenomenon t h a t  was bapt ized  t h e  " t r a n s f e r  of 

po in t s  f i r a n s f e r t  de  pointes7,  i n  accordance w i t h  i t s  appearance on t h e  record-  

ings ,  and t h i s  p rov i s iona l  des igna t ion  was chosen a t  t h e  t i m e  s o  as not  t o  

prejudge i t s  t r u e  na ture .  This phenomenon c o n s i s t s  i n  t h e  f a c t  t h a t  t h e  two 

p o i n t s  t h a t  represent  t h e  f e e t  of t he  a r c  on a record ing  of one c i r c u i t  of t he  

hor izon  ( o r ,  a t  least  one of t h e s e  p o i n t s )  grow f a i n t e r ,  w h i l e  a t  d i f f e r e n t  

azimuths,  other  po in t s  w i l l  appear and w i l l  become g radua l ly  more i n t e n s i f i e d .  

A t  t h e  end of t h e  process which l a s t s  s l i g h t l y  more than  one hour, t h e  i n i t i a l  

p o i n t s  have disappeared, and t h e  new po in t s  have become s u b s t i t u t e d  f o r  t h e  

ear  li er one s . 

We have a l s o  c a l l e d  a t t e n t i o n  - - 

11 

- - 

In Ocxober and November 1962, some cases  of t r a n s f e r s  of po in t s  that may 

w e l l  De compared t o  t h e  ones we have just described, w e r e  a l s o  observed, but  

i n  many of t h e s e  cases, t h e i r  modus of appearing was somewhat d i f f e r e n t ,  and 

t h a t  was undoubtedly due l a r g e l y  t o  t he  f a c t  t h a t  t h e  r a d i a t i o n  of 6,300 8 w a s  

weaker than  i n  1960: i n  t h e s e  oases, t h e  a r c  used t o  disappear  more o r  l e s s  cm- 

p l e t e l y  and reappeared la ter  a a d i f f e r e n t  loca t ion .  Fig. 3 shows t h e  azimuths 

of t h e  po in t s  of t h e  arc as  measured a t  Tananrasset  and a t  Agttaez on 22 October 

1 9 6 ~ .  A t r a n s f e r  or' po in t s  took place,  a t  t h e  same t ime,  a t  t h e  t w o  skatxons 

between ZZ hours and 2 3 : W  hours. An analagous t r a n s f e r  of' po in t s  tuok p l a c e  

p r a c t i c a l l y  every n igh t ,  and a t  more o r  less t h e  same hour. 
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Fig.  5 .  Azimuths of t h e  f e e t  of t h e  a r c  (measured a t  
a zen i th  distanGe of 7 5 O )  a t  t h e  two s t a t i o n s  of 
Tamanrasset ( T )  and Agaaez ( A )  on 22 October 1962. 
H pv in t  t r a n s f e r  took plgce between 22 ho-urs and 

23 :20 hours. 

Nnsn t h i s  e f f e c t  was discovered,  i n  1960, t h e  p o s s i b i l i t y  was  mentioned 

t h a t  it might be explained ’by t h e  r e g u l a r  movement of j u s t  one a r c  a lone,  tha t  

possessed a mul t i - layer  s t r u c t u r e ;  i n  consequence of a n  e f f e c t  of t h e  perspec- 

t ive ,  it might have been poss ib l e  t h a t  t h e  l a y e r s  could be seen s e p a r a t e l y  as 

we l l  as i n  pro jec t ion ,  t h e  ones above t h e  o thers .  The observa t ions  made on t h e  

a i r c r a f t  /3/ were n o t  f avorab le  t o  t h a t  hypothes is ,  and t h e  present  observa t ions  

whioh have included seve ra l  observat ions of a t r a n s f e r  of p o i n t s ,  that occurred 

s imultaneously a t  both s t a t i o n s ,  show t h a t  we a c t u a l l y  have t o  do w i t h  t h e  sub- 

s t i t u t i o n  of one a r c  by another  arc. 

t e r n  Vxans fe r  of points’“ any longer t o  desc r ibe  this  phenomenon, which shall 

hencefor th  be oa l l ed  a “ s u b s t i t u t i o n  of a rc .”  

- 

We i n t end ,  f o r  t h a t  reason,  not  t o  use t he  

It is  i n t e r e s t i n g  t o  show f o r  one and t h e  same n i g h t ,  what i s  t h e  v a r i a t i o n  

ox’ t h e  i n t e n s i t y  or’ t h e  r e d  l i n e ,  as  a func t ion  of t h e  t ime,  f o r  d i f f e r e n t  l a t i -  

t u d s s .  We chose t h e  n i g h t  of 27  October which i s  q u i t e  r e p r e s e n t a t i v e  (Fig.  4) .  

We have determined t h e  average 01’ t he  i n t e n s i t i e s  measure, i n  Rayleighs, f o r  the 

p a i r s  of po in t s  t h a t  are placeu symmetrically i n  t h e i r  r e l a t i o n  t o  t h e  meridian,  

i .e. f o r  t h e  poin ts  or’ azimuths 150 and 210, 1 2 0  m d  240, 90 and 270, 60 and 300, 

a 
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Fig .  4. Varia t ions  of t h e  i n t e n s i t y  of t h e  r ed  l i n e  
6,300 as func t ions  of t h e  time at  va r ious  l a t i -  
tudes[@ f o r  the n ight  of 27 October 1962. 

The d i u r n a l  v a r i a t i o n  changes r a p i d l y  with t h e  l a t i t u d e ,  and t h a t  i s  due 
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i s  r e l a t i v e l y  incons iderable  as t o  t h e  l a t i t u d e  ( t h e  i n t e r t r o p i c a l  a r c ) ,  and 
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t h e  i n t e n s i t y  of which v a r i e s ,  and which changes i t s  l o c a t i o n  as  t o  the 

l a t i t u d e  

The best way of desc r ib ing  t h e  phenomena of t h e  a r a  cons i s t s ,  wi thout  

any doubt ,  i n  t h e  u t i l i z a t i o n  of a r ep resen ta t ion ,  which has  been used f r equen t ly  

by F. E. Roach (see, e.g. p/). It c o n s i s t s  i n  p re sen t ing  t h e  i n t e n s i t i e s  t h a t  

have been observed along t h e  meridian and which nave been reduced t o  one ver t i -  

c a l  observat ion,  as func t ions  of t he  t i m e .  If t h e  v a r i a t i o n s  of t h e  i n t e n s i t i e s  

t h a t  were observed, were simply due t o  a d i u r n a l  v a r i a t i o n ,  or - t o  p re sen t  t h e  

matter i n  another  way - i f  t h e  e a r t h  were t u r n i n g  under a n  i n v a r i a b l e  e m i t t i n g  

l aye r ,  t h e n  t h e  maps obtained f o r  t h i s  occurrence would t r u l y  be maps of t h e  

layer. This  i s  no t  s t r i c t l y  t r u e ,  but we have already c a l l e d  r epea ted ly  a t -  

t e n t i o n  t o  t h e  f a c t  t h a t  t h e  phenomena of t h e  r e d  l i n e  as observed i n  t h e  East 

very f r e q u e n t l y  could be found aga in  i n  t h e  Res t ,  fol lowing i n t e r v a l s  of time 

t h a t  correspond t o  those  imposed by t h e  r o t a t i o n  v e l o c i t y  of t h e  e a r t h  p/, /T / ,  

i n  such a way t h a t  t h e  curves represent ,  more o r  l e s s ,  maps of the emi t t i ng  

layer .  

- - 

Our photometer does  not  permit u s  any observa t ion  i n  t h e  plane of t h e  meri- 

d i an ;  f o r  t h a t  reason, we have been induced t o  use - as it has  been stated aoove - 
t h e  averages of measurements t h a t  were performed symmetrically i n  r e l a t i o n  t o  t h e  

meridian. 

curves  as  e s t a b l i s h e d  f o r  t h e  other  n i g h t s  t h a t  have been used t o  p l o t  t h e  graphs. 

The i n t e n s i t i e s  have been divided by 2 so as t o  reduce them reasonably t o  repre-  

s e n t  z e n i t h a l  i n t e n s i t i e s .  

As a matter of f a a t ,  t hese  are t h e  curves  of Fig.  4 and t h e  analogous 

The curves of Fig. 5 demonstrate t h e  following f a c t s :  

a )  The a r c  has  been subdivided i n t o  more o r  l e s s  i s o l a t e d  spo t s :  

one of  t h e s e  s p o t s  i s ,  sometimes, a t  i t s  maximum Prightness  a t  t h e  beginning of 

t h e  n igh t ,  bu t  t h i s  maximum may be delayed u n t i l  21:Uu hours. 

th rough a maximum by 23:OO hours. 

t h e  f i r s t  

Another spot  passes  

F ina l ly ,  t h e  i n t e n s i t y  of a t h i r d  spot  would 



a t t a i n  i t s  maximum by 1:30 hours. A l l  t h i s  i s ,  by t h e  way, s l i g h t l y  schematic. 

After 3 h O U r S ,  and wi thout  any doubt o r d i n a r i l y  by 2:30 hours ,  t h e  a r c  has d i s -  

appeared completeL3. 

b) The genera l  form of t h e  spots ,  and p a r t i c u l a r l y  t h e i r  alignment,  show 

t h a t  t h e  i n t e r t r o p i c a l  a r c  moves toward t h e  South, dur ing  t h e  l a r g e r  p a r t  of 

t h e  n igh t ,  and it i s  only j u s t  before i t s  disappearance t h a t  it shows, perhaps, 

a tendency t o  climb aga in  toward the North. 

o) It occurs  sometimes t n a t  t h e  maximum i n t e n s i t y  of the a r c  may be found 

a t  a geographic l a t i t u d e  of less than  loo, i.e. below t h e  t r u e  magnetic equator.  

This i s  c e r t a i n l y  t h e  case f o r  23 October around 0 : O O  hours ,  and for t h e  27 Oc- 

t o b e r  around 2:OO hours.  

n e t i c  equator  would present  a c e r t a i n  i n t e r e s t  f o r  t h e  exact  de te rmina t ion  of  

t h e  behaviour of t h e  Northern and Southern arcs  upon t h e i r  a r r i v a l  i n  t h a t  reg ion .  

Toward t h e  end of t h e  period of observat ion,  t h e  arc  becomes l e s s  clearly 

Observations that  would cover the r eg ion  of t h e  mag- 

d )  

vis ible ,  but t h i s  i s ,  w i thou t  any doubt, a sys temat ic  lunar  e f f e c t .  

I V o  AVERAGE VALUES DURING OCTOBER AND N3TT?3MBEB, 1962. 

Figs.  6 and 7 reproduce t h e  horizon c i r c u i t s  as  obtained on t h e  basis of 

We shall De able t o  canpare t h e  average va lues  of Tamanrasset and of Agadez. 

them w i t h  t he  analogous curves  a l ready  published for Tamanrasset p/, p/. 
have oeen used t o  s e t  up t h e  Fig.  8 which shows t h e  average v a r i a t i o n  of t h e  

azimuths of t h e  bases  of t h e  a rc  ( a t  a z e n i t h  d i s t a n c e  of 75'). 

They - - 

Fig. 9 shows t h e  average pos i t ion ,  as  t o  l a t i t u d e ,  of t h e  Northern i n t e r -  

t r o p i c a l  a r c  for t h e  t h r e e  series of observat ions.  We f i n d  t h a t ,  i n  October 

lS62, t h e  a r c  i s  loca ted  a t  a l a t i t u d e  tha t  i s  l ave r ,  by an average of 5 , than  

i n  November 1960. This i s  c e r t a i n l y  an  e f fec t  of t h e  phase i n  t h e  s o l a r  cycle.  

0 

Fig.  10, f i n a l l y ,  g i v e s  t h e  diagram t h a t  i s  r e p r e s e n t a t i v e  of t h e  average 

i n t e n s i t y  of t h e  red  l i n e  ( i n  z e n i t h a l  Rayleighs) f o r  t h e  s e r i e s  of observa t ions  

11 



Fig. 5a. Curves of equa l  z e n i t h a l  
i n t e n s i t i e s ,  i n  Ihyleighs,  of t h e  
l i n e  6,300 as func t ions  of t h e  geo- 
graphic  l a t i t u d e  and of t h e  t i m e  (Tu) .  
The t r u e  magnetic l a t i t u d e  (dip.  la- 
t i t u d e )  w i l l  be obtained by t ak ing  
away 10' from t h e  geographic l a t i t u d e .  
Those p a r t s  of' t h e  graphs,  where t h e  
curves have no t  been ind ica ted ,  a r e  
due t o  a l a c k  of observa t ions  (moon, 

clouds,  e tc .  ). 

Fig.  5b. Continuat ion of F ig .  5a. 

of October 1962 and of November 1960, as a func t ion  of t h e  l a t i t u d e  and t h e  

hour. The i n t e n s i t i e s  o f  1962 a re ,  as an average, t h r e e  t imes  weaker than  t h e  

ones of 1960. 

Fig.  AU. Average i n t e n s i t y  of t h e  red l i n e ,  expressed 
i n  z e n i t h a l  m y l e i g h s ,  as a f u n c t i o n  of t h e  l a t i t u d e  
and of t h e  hour, i n  November 3960 and October 1962. 
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Fig.  6 ,  Horizon c i r o u i t s  a t  Taman- 
rasset  f o r  t h e  average of t h e  obser- 
va t ions .  I n t e n s i t y  i n  Wyle ighs .  At 
t h e  beginning and a t  t h e  end of t h e  
n igh t ,  t h e  small marks i n d i c a t e  t h e  

.w I 

111.. -.- 
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azimuth of t h e  sun, and t h e  f i g u r e s  
i n d i c a t e  i t s  depression below t h e  horizan. 

TU 

A 

Fig. 7. Horizon c i r c u i t s  a t  Agadez. 
Same presen ta t ion  as i n  Fig.  6. 

of t h e  arc  a t  Tamamasset ( T )  and a t  
Agadez ( A ) .  

Fig.  9. L a t i t u d i n a l  p o s i t i o n  at' 
t h e  Northern i n t e r t r o p i c a l  arc f o r  

t h r e e  d i  f f e r enct p e r i  od s 
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V. Ci)MPARISON W I T H  THE IONOSPHERIC DATA. SEMI-EMPIRICAL FORMULAE. 

I n  accordance w i t h  t h e  mechanism suggested by Bates and Massey p/ f o r  t h e  - 
e l e c t r o n i c  recombination of t h e  l a y e r  F, the  i n t e n s i t y  of t h e  red l i n e  will 

have t o  be  expressed by: 

Q = k nN dz, 
h' 

when n and N a r e  t h e  d e n s i t i e s  of e l e c t r o n s  and of' oxygen molecules as a funo t ion  

of t h e  a l t i t u d e  z, whi le  h'l i s  t h e  v i r t u a l  a l t i t u d e  of t h e  l a y e r  F tha t  i s  equal  

t o  the  t r u e  a l t i t u d e  of i t s  base during t h e  hours  a f  t h e  n i g h t ,  and k i s  a pro- 

p o r t i o n a l i t y  c o e f f i a i e n t .  

m e n  we assume that N decreases  exponent ia l ly  wi th  t h e  a l t i t u d e  according 

t o  a s c a l e  l e v e l  H, t hen  we sha l l  f i n d  p/, that Q may be w r i t t e n ,  i n  t h e  f irst  

approximation, as:  

- 

where K i s  a c o e f f i c i e n t .  But then,  n i s  propor t iona te  t o  t h e  square of t he  

frequency 

Equation (1) a supposedly cons tan t  term C i n  t h e  f i r s t  approximation, so a s  t o  

f,. %hen we suppose f u r t h e r  t h a t  it may be appropr i a t e  t o  add t o  

t a k e  i n t o  account a n  emission from t h e  r ed  l i n e  due t o  o ther  phenomena, t hen  we 

s h a l l  f i n d  t h a t  
L'-200 

Q = Kj: (h' + H) c--ZZ- + C 

One has gone f u r t h e r  i n  t h e  s i m p l i f i c a t i o n  and, i n  o rde r  t o  take i n t o  aooount 

t h e  f a c t  t h a t  t h e  d a t a  gene ra l ly  published f o r  

t ude  h' 

c r i t i c a i  f requencies  

$0 are not  r e l a t e d  t o  t h e  a l t i -  

H but t o  t h e  a l t i t u d e  of t h e  maximum e l e c t r o n i c  dens i ty ,  i.e., t o  t h e  

f F, one had proposed t h e  formula: 
0 

The cons tan ts  K and C do no t  have t h e  same numerical v a l u e s  as i n  ( 2 ) .  This 

formula can be c o r r e c t  only when t h e  quan t i ty  f (h '  f H )  i s  propor t iona te  t o  
0 
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The z e n i t h a l  i n t e n s i t y  had not  been measured 

t h e r e f o r e ,  used t h e  average of t h e  i n t e n s i t i e s  a t  
, 

i n  r e a l i t y ,  ana we have, 

t h e  z e n i t h  d i s t a n c e  of 7 5 O  

and a t  t h e  azimuths of 90' and 270°, and t h i s  value was div ided  by 2.0 so as  

t o  reduce it t o  t h e  zeni th .  

For t h e  express ion  of Q i n  B y l e i g h s ,  Equation (3) has had t h e  fol lowing 

r e s u l t s  f o r  Tamanrasset (October-November 1962), t h e  only s t a t i o n  where t h e  

ionospher ic  d a t a  can be used : 

33 == 44,4 f 3,9 km 
K -- 3,78 -J= 0,14 
c = 5s,1 f G,7 

The va lues  of t h e  Gonstants are not very d i f f e r e n t  from t h o s e  published i n  

E/, and w h i c h  r e l a t e d  t o  t h e  ove r -a l l  observa t ions  made during t h e  IGY-IGC, ex- 

cept  t n a t  t h e  new value of C i s  c l e a r l y  smaller. As a matter o f  f a a t ,  the  fol low- 

i n g  had been found: 
H = 41,3 & 2,5 km 
K = 
C = 109 f 4,2 

2,94 f 0 12 

Thanks t o  t h e  cour tesy  of Miss P i l l e t ,  of t he  Ionospheric  Research Team, 

a t  a n  a l t i t u d e  of h' + H, when H 

In  t h a t  way, we have ob- 
f 0 

it w a s  poss ib l e  t o  o b t a i n  measurements f o r  

was  assumed t o  b e  45 h, i n  accordance wi th  t h e  above. 

The i n t e r e s t i n g  po in t  

duced from 44.4 km t o  29.8 

proved, a t  t h e  same time. 

E",uati=n I ? )  \ " I  

H = 29,s f 1,6 km 
IC = 11,9 f 0,4 
c = 63,4 f 6,s 

i s  the  dec rease  of t h e  saale level which h a s  been re- 

h, while  t h e  p rec i s ion  of i t s  de te rmina t ion  has i m -  

2 
Fig. 11 shows t h a t  t h e  q u a n t i t i e s  f (h' + 4 5 )  and f F are not propor- 

t i o n a t e  and, i n  consequence thereof ,  it i s  no t  s u r p r i s i n g  t h a t  a sys temat ic  error 

rega rd ing  t h e  s c a l e  l e v e l  H w i l l  r e s u l t  from t h i s  f a o t .  

I n  s h o r t ,  Equation (3) makes it poss ib le ,  as  a l r eady  pointed out  prev ious ly  

t o  connect t h e  photometric and ionospheric  observat ions w i t h  one another ,  and 
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t h i s  i s  h e l p f u l ,  e.g., i n  p red ic t ing  t h e  be-havior or' t h e  i n t e r t r o p i c a l  arcs 

i n  regions where they  have not  y e t  been observed, b u t  it i s  t h e  Equation ( 2 )  

which w i l l  have t o  be  used f o r  t h e  obten t ion  of a more c o r r e c t  va lue  of t h e  

s c a l e  l e v e l ,  

The series of November 1960, which was recorded w i t h  t h e  same r o t a r y  photo- 

meter, provided t h e  fol lowing resul ts ,  af ter  it had been handlea i n  accordance 

w i t h  Equat ion ( 2 )  : 

H = 63,l f 
IC = 6,2 & 0,4 
C = 17, l  f 13 

8,2 km 

The scale l eve l  was  much l a r g e r  i n  196U t h a n  i n  1962. For  that reason, 

t h e  temperature  of t h e  h i g h  atmosphere i n  t h e  l a y e r  F w a s  probably higher  i n  

1960, at a,.time that was s t i l l  r a t h e r  c l o s e  t o  t h e  maximum of solar ac t iv i ty ,  

t h a n  i n  IS 62, 

When we convert  t h e s e  scale l e v e l s  i n t o  temperatures,  we sha l l  f i n d  t h a t :  

T 520 K i n  October-November 1962 

T 920 K i n  November 1960. 

It m u s t  be understood t h a t  these are n ight t ime temperatures  t h a t  are valid 

f o r  a n  average a l t i t u d e  o i ' t h e  o rde r  of 270 km. 

VI. COMPARISON WTTH THE IONOSPHERIC DATA. 
UTILIZATION OF THE ELECT3ONIC PASOFILES. 

The preceding methcds of comparing t h e  photometric and ionospher ic  data re- 

l a t i n g  t o  l a y e r  F are n o t  s t r ic t .  It would b e  q u i t e  p re fe rab le  to compare the 

l i g h t  emission Q i n  Rayleighs a t  t h e  z e n i t h  t o  t h e  quan t i ty :  

2.1- a LOO n(e) ~(0,) dh ; 

t h e  f a c t o r  of 2, which i s  perhaps s l i g h t l y  unce r t a in ,  has  been introduced so as  

t o  t a k e  i n t o  account t he  f a c t  thak each recombination may lead t o  the emission 

of two  photons of 6,500 8. 
r e s u l t  of' t h e  ca lou la t ion  i n  Baylaighs; 

The f a c t o r  10'' has been in t roduced  t o  express  the  

e(, f i n a l l y ,  r e p r e s e n t s  the  p r o b a b i l i t y  

16 
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F i g ,  11. Observations dur ing  October- 
November 1962. B l u t i o n  between the  
measurements of c a t  t h e  a l t i t u d e  of 
hfi .f. 45 km and or' ?he c r i t i o a l  f requen-  
cy .f? P. The do t t ed  s t r a i g h t  line shws 
that t8e p r o p o r t i o n a l i t y  e x i s t s  only nea r  

t h e  o r ig in .  

50 100 

Fig. 12. Plasma frequency as  a func- 
t i o n  of t h e  a l t i t u d e  and of' t h e  Tu dur- 
i n g  t h e  n igh t  o f  21  October 1962 a t  
Tamamasset. The base of t h e  layer F 
i s pra  c t  i c a l  l y  ind i sting u i  shabl  e from 
t h e  curve $ :2.0. The do t t ed  curve 
r e p r e s e n t s  reasonably  well t h e  a l t i t u d e  
of t h e  maximum e l e c t r o n i c  d e n s i t y  of' 
t h e  l a y e r  F. A t  t h e  bottom of t h e  Figure 
t h e  z e n i t h a l  i n t e n s i t y  of t h e  emission 
of 6,YOU 8, i n  Rayleighs. 

of t n e  recombination. 

the  Ionospheric  Bsearoh Team, has had the e l e c t r o n i c  p r o f i l e s  n (e )  ca l cu la t ed  

for US, as  func t ion  of h, a t  15-minute i n t e r v a l s .  

For the  n igh t s  of 2 1  and 22 October 1962, M r .  C. Taier of 

F igures  12 and Is show the 

17 



r e s u l t s  of t h e s e  c a l c u l a t i o n s ;  the  curves  have been numbered by plasma f r e -  

quencies  as expressed i n  Mc ( ). Let us  remind ourse lves  t h a t  t h e  la t ter  ones 

are connected w i t h  t n e  e l e c t r o n i c  d e n s i t y  by t he  equat ion:  

1 

I 

I I’ 
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( $ 0  

C 

n = 1,22 10‘ f2. 
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Fig. 14, Comparison between t h e  Fig. 13. Same arrangement as Fig. 12. 
urves r e l a t i n g  t o  t h e  n i g h t  of  22 October d e n s i t i e s  observed and t h e  i n t e n s i -  

t i e s  ca l cu la t ed  (except f o r  one fao-  
t o r )  for t h e  n igh t s  of? 2 1  and 22 Oc- 
t o b e r  1962, a t  Tamanrasset. The 
c rosses  r ep resen t  the  observa t ions  
u n t i l  20 hours  TU, t h e  0 r ep resen t  
t h e  observa t ions  made a f t e r  that hour. 

a t  Tamanrssset. 

by 

L e t  us  now assume t h a t  t h e  dens i ty  of‘ t h e  molecular oxygen may be expressed 

1 ( 3 The c a l c u l a t i o n s  were performed f o r  va lues  of f t h a t  were much c l o s e r  to- 
g e t h e r  tnan  t h e  ones en tered  i n  F igures :  0.2 a t  t h e  i o w  f r equenc ie s  up t o  9.6 Mo, 
and t h e n  0.4. 



We s h a l l  t hen  f i n d  that: 

M 8-200 

Q = 2.10-6 a No A e II n(e) dh, 

which we s h a l l  write - by way of leav ing  open the poss i ' b i l i t y  of a n  emission 

due t o  ano the r  phenomenon - as follows: 

wi th  : 

k, = 2.10-8 a .yo. 

i3y making d i f f e r e n t  assumptions regard ing  H - H = 20, 30, and 50 km - 
it w i l l  be poss ib l e  t o  look f o r  t h e  r e l a t i o n  between Q and t h e  v a l u e  of  t h e  in -  

t e g r a l  (') a t  t h e  var ious  times 01' t h e  observat ions.  

r e l a t i o n  f o r  H = 5 ~  26.6 km (we shall soon see t h e  reason  f o r  t h i s  choice),  whioh 

Fig.  I4 r e p r e s e n t s  t h i s  

is r a t h e r  analogous, as t o  i t s  appearance, t o  the cu rves  t h a t  have been p l o t t e d  

f o r  t h e  a l t i t u d e s  which we have jus t  mentioned. 

A l l  po in t s  oan be very  well al igned on one straight l i n e ,  wi th  the exoep- 

t i o n  of t h o s e  af t h e  beginning of t h e  n igh t  (marked by c rosses ) ,  up t o  20 hours 

TU. We shal l  now d i s r ega rd  t h e  l a t t e r  po in t s  and c a l c u l a t e  t h e  sum of t h e  squares 

of t h e  remaining ones f o r  each one of t n e  values of H, viz., 20, 30, and 50 lan; 

we s h a l l  a l s o  allow tha t  t h i s  sum w i l l  vary, i n  a pa rabo l i c  manner, as a func t ion  

of H, and we shall f i n d  tha t  it w i l l  reach a minimum exac t ly  f o r  H 26.6 km; 

it is, t he re fo re ,  t h a t  va lue  of t h e  s c a l e  l e v e l  which h a s  been used f o r  t h e  prepa- 

r a t i o n  of Fig.  14. 

( 2, 
e l e c t r o n i c  p r o f i l e  i s  symmetrical i n  r e l a t i o n  t o  t h e  a l t i t u d e  o f  t h e  maximum 
e l e c t r o n i c  densi ty .  But, t h i s  c l a s s i c a l  and somewhat unce r t a in  hypothes is  can- 
n o t  i n t roduce  a l a r g e  e r r o r  as t o  t h e  va lue  of t h e  i n t e g r a l s ,  s i n c e  the c o n t r i -  
b u t i o n  of t h e  a l t i t u d e s  t h a t  exceed t h e  maximum, does n o t  gene ra l ly  e n t e r  i n t o  
t he  value of t h e  i n t e g r a l  i t s e l f  f o r  a f r a c t i o n  exceeding one fou r th .  

p h o u l d -  r ead :  ('). Trg  For t h e s e  c a l c u l a t i o n s ,  we s h a l l  allow t h a t  t h e  
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It would be important t o  expla in  why t h e  r e s u l t s  obtained before 20 hours 

TU cannot f i n d  a p lace  on the  s t r a i g h t  l i n e .  The i n t e n s i t i e s  af 6,300 as ob- 

served a r e  then  t o o  weak, everything t akes  p lace  as  i f ,  a t  t h e  beginning of t h e  , 

n igh t ,  a mechanism app l i ed  t h e  brakes t o  t h e  l i g h t  emission; as a matter of fact ,  

it rat,her appears  as i f  none of t h e  mechanisms t h a t  have been examined, would 

be a b l e  t o  account f o r  a n  e f f e c t  of such a n  importance. 

Re shall deduce from t h e  angular  c o e f f i c i e n t  of t h e  s t r a i g h t  l i n e  of F ig ,  

When we t a k e ,  i n  accordance with M. N i c o h t  p47 d B 2 2 . ~ ~ .  - 0 
14 t h a t  

No = 8.100, 

as t h e  d e n s i t y  i n  oxygen molecules a t  a n  a l t i t u d e  of 200 km, then we s h a l l  

f i n d  as t o  t h e  c o e f f i c i e n t  of recombination per molecule t h a t  

a = 2,5 10-l'. - 
A-2w 

The ooeff ic ; ient  of recornbination, viz.  , a No e-% has t h e  

v a l u e s  as repor ted  i n  tke  Table and we shall compare with them the  v a l u e s  ob- 

t a i n e d  i n  accordanm w i t h  t h e  express ion  

which w a s  found by J. A. B t c l i f f e ,  E. R. S c h e r l i n g ,  C.G.S.K.  Se t ty ,  and J. 0. 

Thomas /n7 on t h e  b a s i s  of a n  a n a l y s i s  o f  t h e  ionospher ic  d a t a  by themselves. 

h 200 2 50 300 350 
- - - - - 

h-'200 

aNo e- . . . . . . . 2,oo 10-4 0,3i 10-4 0,046 10-4 0,UOi lo-' 
h-300 

1 0 - 4 c - T  . . . . . . 7,39 10-4 2 , ~  10-4 1,oo 10-4  o , ~  10-4 

Tne recombination c o e f f i c i e n t s  t h a t  are t h e  r e s u l t  of t h e  observa t ions  of 

6,300, a r e  much smaller t h a n  the  ones found by t h e  a u t h o r s  c i t e d ;  they  could be 

doubted only if a new recomoination mechanism were found t h a t  would not g ive  r i s e  

t o  t h e  emission of t h e  l i n e  6,YOO. 

A t  each a l t i t u d e ,  it i s  possi3le t o  c a l c u l a t e ,  on t h e  basis 02 t h e  e l ec -  

t r o n i o  p r o f i l e s ,  t h e  quan t i ty  dn/dt, which supplies t h e  chronological  v a r i a t i o n  
A-'200 

whi ch of t h e  e l e c t r o n i c  dens i ty ,  and t h e  q u a n t i t y  a No 0-20.6 n 

r e p r e s e n t s  t h e  number of e l ec t rons  t h a t  -J l r i l l  d i sappear  due t o  t h e  reconbinat ion.  
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. E.g.,  we shal l  f i n d ,  f o r  21 October a t  20:15 hours (on t h e  basis of the  pro- 

f i l e s  or' 20:OO hours  and 20:YO hours),  t h a t :  
- 

-_ _ _  - _- 
h ................. 220 225 230 235 840 245 250 255 260 2G5 270 275 280 

dn -- dt .............. 54 119 113 164 226 277 308 325 356 337 312 279 2'31 

~ecombinatiorus.. . 5 4 15 18 21 22 23 22 20 18 1 G  15 13 
- - -_ 

The number of t h e  recombinations plays,  t h e r e f o r e ,  on ly  a n e g l i g i b l e  r o l e  

i n  t h e  i o n i c  equi l ibr ium of t h e  l a y e r  F, a t  l e a s t  i n  the t r o p i c a l  regions,  and 

t h e  e s s e n t i a l  phenomenon is t h e  one of t h e  movements of t h e  ion i sed  matter. Th i s  

f a c t  has  been made t a n g i b l e ,  by the  way, i n  F igures  1 2  and 13: t h e  pe r iods  of 

i nc rease  and decrease  of t h e  e l e c t r o n i c  d e n s i t y ,  on both s i d e s  of 22:30 hours, 

a r e  reasonably  sy-mmetrioal. 

I t  i s ,  t h e r e f o r e ,  quite evident t h a t  a t  a s t a t i o n  such as  Tamanrasset, 

t h e  comings and goings of the ion ised  matter determine t h e  main c h a r a c t a a i s t i c s  

of t h e  night t ime l a y e r  F. It i s  l i k e l y  t h a t  t h e  movanents a r e  due t o  t h e  d i f f u -  

s i o n  (governed by thermic e f f e c t s )  a long  the  l i n e s  02 f o r c e  of t h e  magnetic f i e l d .  
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